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1/ The Bureau of Mines will welcome reprinting of this paper provided the 
following footnote acknowledyment is used: ‘fReprinted from Bureau 
of Mines Information Circular 7269,’ 

Acknowledgment is made to Alvin Schallis, a former member of the staff, 

for liberal use in this revort of material that he had compiled. 

c/ Assistant mineral economist, Nonmetal Econornics, Division, Bureau of 
Mines. 

3/ Nonmetal Economics Division, Bureau of Mines. 
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INTRODUCTION e 


Magnesia (MegQ) has a varicty of uses, and it has become increasinely 
important. as a war material because’ Cf the imberative'demand for refracts- 
eS tO: dine metaliurg tical furnaces, and because magnesia is used to make 
the light metal, magnesium, now employed in' aircraft and other implements 
of wartare. Visgnesla occurs as an iritéeral part of ‘nearly 60 minerals, but 
it is extracted ‘commerically from only 4a’ Sriall number of them. The Beer 
commercial sources ‘are marnesite, brutite, dolomite, raw sea water, sez 
water bitterns, and well brines. - st 
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MAGNESIA’ RAW MATE “RIALS _ 
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Marnesite, magnesium carbonate, MeC0s, - theoretical ly contains 47.8 
percent :-PicO and-52.2 percent COs. There are two varieties cf magnesite, 
erystalline and eryptocrystailine. (dense or. amorphous). ‘The latter type, 
though nct so plentiful 2s the former, is generally curer. It resembles un- 
glazed white pottery.in texture, swhere2s the crystalline variety is generally 
dark and-granular, though the.calor may very,, The principal. domestic — 
deposits: of crvetalline magnesite are near Chewelzh, Stevens County, ash. 
(which has suprlied most.of the magnesite mined in the United States); in the 
Gabbs Valley area cf Nevada (near Luning); and in Llano County, Tex. Cryz-- 
crystalline magnesite occurs principally in California. Magnesite occurrenc:: 
have also been reported in several other States, including New Mexicc, New 
York, New Jersey, Pennsylvania, Massachusetts, Vermont, and Maryland, cut 
tnese deposits have not been developed commercially. 


: some magnesite is difficult to distinguish from limestone ana dolomite 
visually, but they can be identified by simple chemical tests. Neither magne- 
Site nor dolomite containing no calcium carbonate in solid sclution will 
effervesce in cold hydrochloric acid, whereas both limestone and magnesictr 
limestone will effervesce. The followins test will distinguish between ms a 
Site and dolomite. Boil a fragment with “dilute sulfuric acid (1 part of suliurt: 
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acid to 6 parts water by volume, made by adding acid to water while stirring). 
The fragment, if it is magnesite or dolomite, will dissolve slowly. Magnesite 
rives a clear solution of marnesium sulfate, whereas the calcium in dolomite 
reacts with the sulfuric acid, leaving a white precinitate of calcium sulfate. 

If the magnesite sample contains a smail percentage of lime, the lime will be 
orecipitated as calcium sulfate, as with dolomite, but the buik of the precipi- 

tate will be much less. 


Brucite, magnesium hydroxide, Mg(CH)o, theoretically analyzes 69.1 
percent MgQ and 80.9 percent HoO. Crude brucite, because of its higher 
magnesia content, may be shioned profitably for longer distances then crude 
magnesite. The only known commercial deposit of brucite in the United States 
is in the Gabbs Valley or Luning, Nev., area. It is mined there by Basic 
Refractories, Inc., and shipped to Ohio for calcining. Brucite found in this 
area “Shas the appearance of freshly broken laundry soap. The color ranges 
from white through various snades of yeliow to a brown.***,.- The massive 
brucite will turn white on exnosure to weather within 2 few montns, but the 
coarsely crystalline material is not similarly affected. Weathered surfaces 
of brucite are covered by 2a hard, white, bony coating, which is generally 
crackled and reflects the underlying crystal structure.’’4/ Freshly broken 
brucite is generally soft and waxy, not unlike some varieties of tale. Itis 
Slowly soluble in warm hydrochloric acid, without effervescence. 


Dolomite, magnesium-calcium carbonate, is theoretically the double 
salt CaC03.MgCO3, but in practice the term dolomite applies also to high 
magnesian limestone. The theoretical magnesia content of dolomite is 21.9 
percent, lime (CaO) 30.4, and carbon dioxide 47.7. Domestic dolomite de- 
posits are widespread, but those being used as sources of mapnesium oxide 
are located in Salinas County, Calif.; near Philadelphia, Pa.; in several areas 
in Ohio; and in Vest Virginia. The marketing of raw dolomite will not be 
discussed in this paper, as the subject is covered in other Bureau of Mines 
reports.2 | 


Dolomite is used both as primary and secondary sources of magnesia, 
f.3 2 primary scurce it supplies refractory magnesia by the process of the 
otandard Lime & Stone Co. (p. 10) and by the Pattinson process. The latter 
method involves dissolving the magnesia content of calcined dolomite as 
magnesium bicarbonate in reaction vessels containing carbon dioxide gas 
under pressure. When the remaining solution of magnesium bicarbonate is 


4/ Callaghan, E,, Brucite Deposit, Paradise Range, Nevada: Univ. of Nevada 
Bull,, vol. 27, No. 1, January 16, 1983, p. 24. 

5/ Bowles, Oliver, and Jensen, Mabel S., Limestone and Dolomite in the 
Chemical and Processing Industries: Bureau of Mines Inf, Cire. 7169, 
1941, 15 pp.; Colby, Shirley F., Occurrences and Uses of Dolomite in 
the United States: Bureau of Mines Inf. Circ. 7192, 1941, 21 pp. 
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“MOPLEG 2. DOSIC Mas nesiuny Carponcte pPrCCl itetess in secondary Erce oes 
cnlcined doicmite is used witn sea water and well brines Ene CAUSUCIZS 
liquors anu also to provide additional magnesin 
y Row sé2 water hes an averege content of Q.13 vercent Mig, a thecreticn. 
equivelent of 1 vound cf. inngnesium oxide per 55 gallons of sea water. On 
the Celifornia const several salt works-sell scen-water bitterns (from which 
-the salt, NaCi, has been es acted) to th e Westvaco Chlorine Products Ccrrc- 
rem Newari Kk, Coll. oS a-row miteria! for the- recovery Ol niignesiua 

wide. Sea-weter bitterns preratny 6.0 to 8.7 percent magnesium chloride 

and 4.4 to 6.1 percent magnesium sulfate.y Sh Togenesiuin oxide is 21lso beinz 

extracted from raw sea weter by the Northwest Magnesite COnet C26 2 
N.J., for rcfractory use. In this process the sea water is causticized with 
calcined dolomite, and the mnenesian content cf the dclomite is added to tart 
of the sca weter. The vioncer producer of misnesia from sea water, how- 
ever, is wirine Macnesium Preducts Corperation, with a piant at South fan 
Francisec, Calif,, where, hich-grade pireaoceulice! and specialty mecnes. <> 
have been produced since ebout 1928.4 - 

baits gnesiv raebear ine liquors cre rarely sola on the onen ae OG 
their marke eUINS is thercrore not discussed horein, 

Jie nie ewe He Dbrines,. S71 fy ecniein “pout: 1.25 pounds Of Me rer eal. 
were used 2s sources of magnesia for the first time in 1942, The oe are 
sunk severe] thousand fest into brine rbecring streta, and the brine 1s brews: 
Lo thie Suriece- With centritucel mime. ne Michigan on mical Cor ere 
Plont At St, Louis «1 iieh., Wises cai cined Colomite. to: causticize and enrich. 
brines for the manufacturs of refractory end.caustic- pane MmOeneSie. 


Magnesium sillestes including olivine and serrentine, of which there 
are huge en have not yet been used commercially to produce magnesi. ~ 
oxide, out they are used as sources of other magnesium compounds and mcr 
be regarded as noteutial sources of magnesia. 


MINING 


Magnesite is mined by both or eneeiee and underground methcas. In 
stevens County, Vrash., magnesite occurs as nuge, steenviy vitching lenses in 


Ne) eeaton, jes Ye Production and } Prop erties cf the Commercial Liagnesiszs: 
eI. ton: ete ese VEC... Pubs 1496, July 1042, oe OD. 

T/ Cnesny, H. H,, Magnesium Compounds frora Ocean 'Yaters: Ind. Eng. 
Chem, vel. 28, No.4, April 1933, .on. 388-390. 
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dolomite beds cverilain by quartzite. The magnesite is quarried from three 
large open pits and sent by aerial tramways down the hillside to crushing 
and calcining units on a rail spur. Quarrying methods also are used to 

~ recover magnesite and brucite in Nevada. In California, magnesite generally 
occurs in veins and is won by underground mining. Dolomite is usually re- 
covered by quarrying, The overburden is removed, the dolomite is broken 
out by blasting, loaded by power shovels into trucks or quarry cars, and 
‘hauled to the surface for washing and crushing. 


PREPARATION BEFORE CALCINING 


Impurities consisting of magnesium silicate and dolomite veins that 
-Interleat massive Washington magnesite are removed by. handpicking after 

the rock is blasted from the quarry wall. The impurities, it is said, can he 
distinguished visually with fair certainty. Flotation plants recently introduced 
at Cheweian, \Vash., and near Luning, Nev., are employed to treat magnesite 
and yield a iizh-quality magnesite low in fluxes such as silica, iron oxide, 

end lime. At the Washington flotation plant, raw magnesite is reduced suc- 
cessively in 6 jaw crusher to 8-inch size, in a gyratory crusher to about 3- 
inch size, und in a cone crusher to minus 1/4-inch. It is then further reduced 
Ina ball mili to about 65-mesh. Classifiers pass the fines to flotation cells, 
and the coarse particles are returned to the ball mill. In the 32 flotation cells, 
mazenesium carbonate is senarated from impurities, and the relatively pure 
rroduct passes into a thickener, where excess water is removed, after which 
the product is calcined. The beneficiated Washington magnesite is used in 
making magnesia refractory brick, whereas the beneficiated Nevada magnesite 
is used to maixe magnesium metal. The magnesite mined by the Sicrra Magne- 
site Co. near uning, Nev., is pure enough for use without benefication, although 
the silica content may be reduced by screening out the fines, which are higher 
In silica than the coarser product. This methcd is also employed with some of 
the California meenesites. 


The problems encountered in beneficiating magnesite are discussed in 
veral renorts.3 : | 


2 
CD 


CALCINING RAW MAGNESITE => 


Virtuaily ali snaznesite (and brucite) is calcined before use, either to 
rencer the magnesia content highly reactive (caustic-calcined magnesite) or 


/ Clemmer, J. E., Doerner, H, A., and DeVaney, F. D., xperimental Flo- 
tation of Washington Magnesite Ores: Am. Inst. Min. and Met. Eng., 
Tech. Pub. 1148, 1946, 10 pr. — 
Sincinson, Eric, and Michaelson, S. D., Flotation of California Magnesites: 
Ain. Inst. Min. and Met. Eng., Tech. Pub. 738, 1935, 8 rv. 
Doerner, H. 4., and Harris, Dwight L., Concentration of Low-Grade Magne- 
Site Cres ty Fictation: State College of Washington Bull. F-1, 1938, 30 pp. 
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to render it as unreactive as possible (dead-burned magnesite). The uses 
of the two calcination products are quite dissimilar. The former is used in 
plastic magnesia flooring, fertilizers, and various chemicals and for making 
nagnesium metal, whereas nearly all dead+-burned magnesia is used in re- 
fractories. As calcination is an essential process, the industry has been 
developed chiefly by a few firms possessing sufficient capital to furnish the 
necessary kilns and accessories. The smaller magnesite miners sell tneir 
raw magnesite to the larger miners, who have calcining equioment. 


Rotary kiins and Herresnotf vertical furnaces have superseded older 
types of kilns. The seven oil-firéed kilns installed at Chewelah, Wanrn., are 
12o feet long and either 7 feet 6 inches or 8 feet in diameter, with hot-zone 
linings of magnesite brick. Each kiln has a canacity of 100:to 150 tons of 
dead-burned magnesite per cay. About 2.4 tons of.raw material is required 
per ton of finished product. The incandescent dead-burned magnesite emersin 
from the kilns is passed through rotary coolers and then crushed by ae and 
sorted by screens into sizes required by the trade. Dust is recovered. froin 
Kiln gases by means of a Cottrell precivitator. Fart of it is returned to the 
kiln, part is utilized in bypreducts, and the part lowest in purity is wasted. 
Fure magnesite fuses at about 2,800° C., but.owing to the fluxes present in 
Chewelah maintenance-grade magnesite, a calcining temperature cr only ancut 
1,560° C. is necessary for crystal uno owth. : 

At the Build Eagle mine of the Westvaco Chiorine Products Cornoraticn, 
near Gustine, Calif., magnesite is ‘ca eee in an oii-fired rotary “iin 160 feet 
long, 6 feet outside diameter, and 4-1/2 feet inside diameter. The not zone (i 
feet long) is lined with periclase brick.. A temperature of 1,780" C. is main- 
tained for pe ericlase production and 8C0 to 1,200°.C, for caustic - ~calcined 
magnesite. _ : 


Basic Magnesium, Inc., calcines its flctation magnesite to caustic grac: 
in four Herreshoff roasters 60 feet in height and 28 feet in diameter cn the 
theory that this type of kiln is better adapted to calcining fines than the retary 
kiln. The Herreshoff roaster consists of a scries of circular hearths, one cn 
ton of the other. The fines are fed into the top hearth and plowed by revoivin: 
arms, So that the material moves toward the central shaft and drops on ths 
hearth beneath, This-action éccurs successively until the calcined fines are 
discharged near the bottom of the furnace. Each furnace has a carecity of 
eo 160 pens of caustic-calcined magnesia pe day. 


¢ 


“A di: stinction i siesuuently made in ie terms °* fnarieiase” and ‘‘dead- 
burned magnesite,’ See the latter, by definition, includes the fonmer. 
Periclase is recomnized in the trade:as magnesia analyzint. over 90 percen 
M0, calcined at about 1,760° C., whereas dead-burned magnesite analyzes 


from 65 to 88 percent 3.20 and is calcined at about LoCo” Ga Paere ls Some 
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-overlanping in analyses of the two grades, as some cericlase might analyze 
as low as 85 percent MgO, in which case it would qualify as a periclase solely 
because of the hicher temperature at which it had been calcined. 


SDRCIFICATIONS 


Crude marnesite. - The main requisite of a marketable crude magne- 
Site is a high magnesia content. Although magnesite theoretically contains 
47,8 percent MgO, such purity is never encountered in nature. Any given 
sarnple of magnesite is appraised on a calcined basis, cither caustic-calcined 
or dead-burned, as very little crude magnesite is consumed @s such without 
previous calcining. The lowest grade of commercial crude magnesite contains | 
“bout 43 percent Migd. Permissible impurities are variable, depending on the 
prospective use of tne crude material. | 


The imrurities permissible in raw magnesite which is to be dead-burned 
are variable, dcrending on whcther the wtimate use is as grain magnesite or 
as a constituent of magnesite brick. Certain impurities necessary for the 
manufacture of grain magnesite are permissible in only small quantities in 
magnesite used in brickrnaking. From 4 to 7 percent Fe203 is desirable in 
dcad-burned grain megnesite for certain brick and maintenance grades. Roll 
scale or iron ore may be added if not enough iron is initially present, Iron 
forms such bonding agents as calcium ferrite, 2Ca0.Feo03, and magnesium 
ferrite, aiMcO.Feo09, the former under conditions of high lime and low silica, 
the le tter when lime is low and silica high. Iron is present in Austrian magne-_ 
site in the form of iron carbonate, which decomposes and causcs the magnesite 
to sintcr at lower temperatures than if the iron were present as oxide. Silica 
snould be present only in silicate form, which provides a binder for the grains 
when avvlied to tne furnace bottom. The alumina (AleCs) content gencrally 
should not exceed 2.5 percent (dead-burned basis), but alumina is interchange- 

able to some extent with Fu 903, and in maintenance-grade magnesia a higher 
content ry be allowed, possibly as high as 5 percent, without detriment. For 
Hericlase manufacture the maximum AloeCg permissible is 0.3 percent calcined 
basis, The fcllowing analysis is typical of Washington magnesite in the crude 
state, previous to addition of iron oxide; MgC 42.5, Sido 4.2, Feo03 0.96, Al203 
C.41, CadQ 2.75, HoO 0.06, and CG5 48.6 percent. 


The following analysis is typical of crude magnesite for oxychloride 
use Crude basig: Mg 43.3, COs 48, 1 S109 Ov, Feob3 1.3, AloO3 0.3, and 
ao O,d Percents ‘On-crlcinine. the COs content is reduced to about he pew 
increasing the other percentages, thus: MgO 82.5, Si09 11.0, FeoCg 2.0, Alo0s 
Jed, One, Ca0 1.0 Vereen, ee in the form of guicklimc or hydrated lime is. 
the impurity most cetrimental in magnesite for this use, but.calecium silicate 
Ano Calcitim, Carbonate are Bei ancan. Active lime should not excecd 3.5 to 4 
percent, crude basis, as it causes excessive expansion in oxychloride coments. 
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SViCd,. d. PPeSo nt, SiO Poin tio ora Cr Sie Or 2S Co aii 
eroins of S1iGo, Fine silica tends to Tis Wie 16 Oto 2Crrs sae 1esiura silicates 
when the raagnesite is caleine si 


NeMeece teen bas eee unt ne at Eesic Magnes ura, Inc., in magnesite 
for TACtal Use ere Cay. do c10s peOS (el iy ec sere eed ee 
CMUSWIC Coll cliied bosis, eee pa) is SLO time circumstances S:0SVc 
bOreca tes-use-CL less cure eel perticulariy with ressect te Mime, 
Bae wrne4 Mmegnesigg = TNecrcucally, Uesd=burica. oegn ls: 2 as 
Ie One IOSS, Dar Chueh y it riay De OPCul( oo berccnt, 420Ww perros to) 
important requisite of brickmaking cradcs ci dead-burned magnesia, Tre 
foilowing anriysis is tynical of ad-burned Washington maintenance-grade 
magnesia; Tt &0.89, SiCo 6.95, Fue03 5.08, AleCe 3 1.25, and Ca ogee re eG; 
A ee Snalysis Ci desd sel va véshington prick cinta eracce Me, snesic 
is; ic 83.0, Sid. 6.5, Bcav3 Ate tes e Le, ab gic@ 26 one a aes nt. Scme ct 
the iron conten icin both cnalyscs is derived from iron orc, which is educd to 
the TAW moenesite ins ratio of 2.25 to 1C0C beicre encinin® so that the mae 
ae will sinter at a lower temncraturc. Number 90 periclase from tho 
estcrn mine of the Westvaco Chicrine Soren ee near Livermore, 
an hes tne following Spproximate AMaiyeis?. 1700 OG.0. S109 Oe ee 
1.1, AloO. C.2, and C20 2,0 perecnt. The FA consumer of “periclase (er 
the manurecture of rofractoriés) nos lurniencd following sveciiiestion 
periclise: -Fee0s CU. perecht maximum, 1Cs 5.00 piaximum Ca. 2.CC snayi= 
mum, AloOg 0.30 moximum, MeO 90,00 mini num, and ignition loss C.£5 
meaximurn. | . 


Caustic-calcined magnesia, - Caustic-c2 leined macnesia should genersL; 

contain 1 to 5 percent CO + Hed, though special-purpose grades may contain 
2S much as 8 percent. It should not be stocked long, as it tends to rchydreate 
and recarbonate. Time and temrcrature of calcine on shoud cc controllca 

carefully, because underburncd caustic magnesia scts too ravidly in o:ychioris:- 
ecments whereas overburned caustic magnesia sets too slowly and makes 2 
week cement. Causticecalcined marfnecsite is shirned in lump ferm to distri- 
butors where it is ground so that 90 percent passes a 2CC-mesh screen. The 
powdercd: matérial is then sold to the ultimate consumcrs. 


Crude ‘mognesite: - Relatively small quantities of crude mernesite 2re 
consumed without calcining. It is uscd mainly in making Epsom salt by 
reaction with sulfuric acid, ~ | 


Dead-burncd magnesia. « As previously Pmenticncd, desd-burtied macnc- 
sia has only one use - refractories. (A small amount of incompl: etely Carciicc 


~ 
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dust from dead-burning furnaces is uscd as fertilizer, but this is generolly 
regarded as caustic-calcined by the trade.) About 88 percent (average for 
5-year period 1938-42) of the magnesia produced in the United States is dead- 
burned. Much of this is crushed 2nd classified for use as grain magnesia, 
which is used to provide a working hearth in basic open-hearth steel] furnaces 
and for maintenance and repair of the furnaces during the ensuing camp2igns. 
The remainder is used in making brick and cement for basic refractory pur- 
poses, mostly in the stecl industry. 


Magnesia is used in making 8 standard types of bricks, as follows: 
A. Fired brick 
1. Made from magnesia, without incorporation of chrome ore | 
(a) Low iron oxide content 
(b) High iron oxide content 
2. Magnesia with chrome orc 
(a) Low iron oxide content 
(b) High iron oxide content 
B. Unfired brick (same subclassifications as under A) 


Most basic brick contain a considerable percentage of chrome ore; 
generally the brick formula calls for more chrome ore than magnesia. It is 
estimated that in over-all open-hearth practice, about 15 chrome or chrome- 
magnesia brick are used to every magnesia brick containing no chrome. 

About as many brick are used fired as unfired. It is said that the unfired brick 
are suitable for most purposes after drying. 


In constructing the conventional type cf basic coen hearth, a few inches 
(about 1-1/2 to 5) of insulation in the form of a fill, concrete, or brick, is 
placed on the steel shell forming the bottom of the furnace, followed by two 
or three courses of fire-clay brick and then 7-1/2 to 18 inches of chrome or 
chrome-magnesia brick. In older practice the subhearth, which was made 
with magnesia brick, was given a slag wash or a thin covering of magnesia 
cement to seal the interstices of the brick. In the last 1G years, however, 
many new and rebuilt open hearths have incorporated a 6 inch layer of plastic 
chrome ore directly on the subhearth, burnt in at 2,900° F. or higher; this 
layer gives increased protection against a breakout of metal, should the magne- 
sia working hearth develop seepages. Grain magnesia, mixed with 5 to ao 
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percent of its weight of slaz, is spread in a one-inch layer directly on the 
subhearth (that is, either on the brick subhearth or the plastic chrome cre 
subhearth), and the furnace is fired for 24 hours and other layers are addes 
successively until a 8- to 10-inch menoiithie working hearth has been built u:, 
If the furnace is properly insulated, the 20 to 70 tons of grain magnesis 

used as the working hearth can be sintered in 8 to'15 days, during which 

time 210 to 830 tons of coal or its equivalent may be’ consumed, After the 
hearth has been completed, the furnace is ‘‘washéd out’’ with molten slag 

to seal crevices in the bottom. During the ensuing campaigns, grain magne- 
sia, grain dolomite, and proprietary magnesia and chrome ore maintenance 
materials may be used to patch portions of the hearth that may have ficated 
out or have been damaged by the charge. Dead-burned grain dolomite is by 
far the principal material used for furnace patching, though considerable raw 
dolomite is also used. Dead-burned dolomite is preferred to magnesite as 4 
patching material for economic reasons and because of the ease with which 
dolomite fuses into the furnace bottom and becomes a part of the working 
hearth. 


During the war emergency, rammed bottoms of proprietary magnesia 
or chrome ore composition have been used instead of the magnesia-slag. 
working hearths described above to get the furnaces into production in the 
shortest possible time. Basic Refractories, Inc., Cleveland, Ohio, prepares 
such a magnesia grain by calcining prucite.(mined near Luning, Nev.) with 
dolomite and certain other materials. The resulting refractory an ZeSs 
about Mg0 65, Si0e 7.0, FeoGg 7.5, Aip03.1.0, and Cad 18.0 percent’ Basic- 
steel furnace bottoms of this type ‘of refractory, itis claimed, can be rammed 
to a depth of 15 inches directly on brick much more rapidly than the usual 
magnesia working hearth can be burned in, evidently an important consider- 
ation in wartime. No evidence is yet available as to the life of a brucite- 
dolomite bottom. | 


The Standard Lime & Stone Co., Millville, W. Va., produces a grain 
refractory analyzing MgO 70.0, Sido 7, 5, Alo0q+Fe90 8.0, and CaC 14.0 
percent for use in basic open-hearth maintenance and repair. The materiai 
is derived from calcined dolomite by leaching out the more soluble lime 
with Sere water. | 


Blectric basic-steel furnaces S operate at higher temperatures than 
open-hearth furnaces and require more Stable refractories than those used 
in the opén-hearth furnace, ‘Grain magnesia for electric furnaces is neces- 
sarily purer (analyzing over 90 percent Mic0) than ordinary maintenance 
grain, so that formation of low-melting glasses between the crystals of 


FY A = ene (penser rene ox peer eenersreeees paDPEY IIE SE Pa OST OTT TP aT al 
9/ For a discussion of dolomite- -magnesia refractories see Schallis, A. Hs; 
Dolomite-Base Refractories: Bureau of Mines Inf. Circ, 7227, 1v42, lle 
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yericlase in the bottom will be small, that is, just enough to bond the bottom. 
The present trend is toward the use of fired magnesia brick in the electric 
furnace, replacing grain bottoins. 

A well-maintained basic open hearth may last 8 to 20 years without a 
rebuild. Electric furnaces do not generally last nearly so long, but throuch 
no fault of the refractories; the bottom is ordinarily torn out and repiaced 
whenever the grade of steel or alloy being made is changed, to avoid contaml~ 
nation, 


Magnesia brick are not used in the roofs of American basic open 
hearths, as the brick are structurally weak at the temperature of the open 
hearth - about 1,585° C. Silica brick are used instead; but even with silica 
brick the roof a tone atabout 1,500" Cy eonsiacrapie research is in progress 
to develop a brick that retains structural strength and snalling resistance at 
temperatures above 1,650° C., and promising experimental results have been 
obtained with specially prepared brick m ace from magnesia and chreme ore. 


Following is a description of a typical process for making teint 
brick from dead-burned magnesia. If the plant receives dead-burned magnesia 
in lump form, the lumps are reduced in primary and secondary crushers to 
a predetermined mesh ratio, and the grain thus formed is ground and separated 
into several screen sizes. The smaller particles help fill voids when the 
brick is pressed. Various screen sizes of the material, in proper proportion, 
are weighed out into edge-runner mixing pans, and a little binder, inorganic 
(such as kaolin) or organic (such as sulfite pitch or dextrin), is added to help 
hold the brick together before it is dried. The mix is now ready to be pressed. 
Virtually ail magnesia brick are formed in a dry press capable of exerting 
pressure up to 14 ,000 pounds per square inch. A four-sided bottomless box 
resting ona steel platform in back of the machine, fed by a reservoir of mix, 
moves forward automatically and.drors a load of mix into one or more 
brick-size deoressions beneath the poised plungers. The plungers descend 
and press the prevared mix into brick; the plungers rise, and the brick are 
automatically ejected. The brick.are placed on steel pallets, and the load is 
trundled to a long oven nearby, where the brick are dried. When dry, the 
bricks are taken to periodic kilns, stacked on silica-brick supports and fired 
at 2,880° F. (1,582° C.) for eight days. The kiln is then allowed to cool, and 
the brick are removed and either loaded directly on cars for shipment or 
stored. One plant uses a tunnel kiin for firing: LO/, a temperature of 3,200°F. 


(1,7€0° C.) is maintained in the hot zone, and a kiln car passes through the kiln 
in about 3. days. 


1Q/ Housman, G.S., and Seil, G. E., Modern Practice Crystallized in New 
Tunnel Kiln: Chem. and Met. Enz., vol. 36, No. 6, June 192%, pp. 340- 
343. (Practice has been. modified in several respecte since the article 
was written.) | 3 
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Much dead-burned magnesia and periclase is mixed with chrome cre 
in the manufacture of refractory brick. A smaller quantity is mixed with 
olivine in making refractories. 


Besides being used in basic open-hearth furnaces and basic electric- 
arc and induction furnaces, magnesia brick and grain are used in the rro- 
duction of several nonferrous metals, particularly copper. The rocf of the 
copper reverberatory furnace, according to Norton,4 is exposed to a great 
deal of dust, which fuses and produces a severe slag attack. Silica brick ar: 
still used in these roofs in spite of fluxing effect, Within the last few years, 
chemically-bonded chrome-magnesia brick have been used quite extensive.y 
for constructing suspended roofs for the entire furnace arch. These roots 4° 
used almost universally in Canada and are found to last many times longer 
than the former silica roofs.é/ The brick are also used in side walls at the 
slag line. Copper converters and holding furnaces are generally lined witn 
magnesia or chrome-magnesia brick. A layer of grain magnesite is piace2 
between the brick lining and the converter shell. In the anode reverberatcry 
furnace, where the copper is further refined, magnesite brick are used in t: 
Side walls to a point slightly above the slag line (the bottom generally beins 
canister rammed on fire-clay brick). Silica brick are generally used above 
the slag line but chemically bonded and metal-cased magnesia brick also 2”: 
been used successfully. Magnesia brick have also replaced to some extent 
the more common silica brick in sections of the anode furnace roof, extenaiz: 
the roof life, In the induction furnace used to melt high-melting-point copre: 
alloys, electrically fused or high-grade kiln-burned periclase mixed with a 
little Sodium silicate has been rammed into the furnace shell. 


Magnesia brick are used in lead-refining furnaces at the slag line, Wher 
corrosion would otherwise be severe. Magnesia brick are used Simiiarly -= 
lead-drossing furnaces. | 


Magnesia blocks are used frequently in the hot zones of rotary kKiins 
for cerment, lime, dolomite, and magnesite. Steel sheets are inserted 

the individual blocks. Though initially more expensive than alumina brick, 
magnesia brick may prove more economical over a long period 


Magnesia brick are now being used as checker brick in glass furnaces, 
and brick containing magnesia and chrome ore are used in the ports and 
uptakes of these furnaces. 


| 11/ Norton, F. H., Refractories: McGraw-Hill Book Co. Incy New York; 
ed., 1942, p. 648. . 
12/ Chemistry and Industry (London), vol. 61, No. 5, January 31, 1942, rc... 


18/ Rochow, W.-F., Magnesite Linings in Kilns: Rock Froeducts, vol. 41, .- 
4, April, 1988, pp. 62-83. 
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Caustic-calcined magnesia. - Magnesium oxychloride (Sorel) cements 
are Sorionly prepared by mixing’a solution of 22° B. (about 20 nercent) 
magnesium chloride with finely ground caustic-calcined magnesia and inert 
fillers, such as cork and sawdust. The mixture sets in. 3 to 4 hours and 
under the microscope appears aS an amorvhous mass containing few crystals, 
homogeneous except for grains of uncombined magnesia. It is thought that 
this solid solution cf MgO in MgClo.XH90 may contain such definite oxy- 
chloride compounds as 3iig0.MgClo.7H20, 5Me0.MgClo.14H950, and 
1LOMEgO. MgClo- 14H,0. 


The principal use of oxychloride cement during the 1920’s, when the 
industry was at its height, was for outside stucco. This use gradually 
declined cwing to the low weather resistance of the stuccos as then applied, 
caused-in part by improper formulation and poor workmanship. Addition of 
copper powder to outside cxychloride ce: nents is said to increase weather 
resistance tremendously i357 , 


One square yard of stucco in place is said to weigh about 32a cgi 
of which 4.6 is caustic-calcined magnesia; the remainder is marnesium 
chloride, water in combination, and aggregates. 


Oxychioride flooring, the chief use of piastic magnesia at present, 
contains about 1 pound of magnesia per square foot. Such flooring is of 
particular value in factories, ship decking, hospitals, and railroad cars, as 
it is permanent, resilient, fireproof, and can be laid over old or new wooden 
floors. Also it may be sawed or cut, and attachments may be made to it 
with nails or screws. In commercial practice the ground plastic magnesia 
and the magnesium chloride are usually mixed at the point of application. 


Miscellaneous uses of oxychloride cement include abrasive wheels, 
artificial stone, small molded articles such as pine bowls and casket handles, 
and fireproof heat-insulating wallboard. For some uses, particularly in wall- 
board, magnesium sulfate solution may be substituted for magnesium chloride 
sclution. | 


Two basic processes make use of caustic-calcined magnesia as a raw 
material in the manufacture of magnesium metal, In one, the magnesia is 
reduced with finely divided carbon (carbctiiermic or Hanseirg process, as 


14/- Comber, A. W., Magnesite as a. Refractory: Je By Lippincott Cos 1987, 
114 pp. 
15/ Hubbell, D. S., A New Organic Cement and AGiesives Ind. Eng, Chem, 
vol. 29, No.’2, February 1987, pp, 128-132. 
16/ Ralston, O. C., Pine, Rie Dixy and Duschak, Licnel ah, Plastic Magnesia: 
Bureau of Mines Bull. ZOO, BO LOe Ol 
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practiced by Fermanente Metals Corporation, using magnesia cbtained 
from raw sea water); in the other the magnesia is reacted with dry chlorins 
eas in the presence cf carbon; producing an anhydrous magnesium chloride. 
The magnesium chloride is fused and electrolyzed. The second process is 
“used by Basic Magnesium, Inc., at Las Vecas, Nev. Research by the Bureau 
of Mines indicates that calcined magnesia may be fed directly to the electro- 
iytic cell - a third possible basic process. Fellom has recently reviewed 
the carbothermic and electrolytic processes li 


Caustic-calcined magnesia from sea-water bitterns is used ex- 
tensively as a catalyst in the manufacture of synthetic rubber. 


The use of magnesia as a fertilizer is growing. It has been found 
that many soils are deficient in magnesium and that an active grade o 
magnesia will supply this element satisfactorily. The magnesia used for 
this purpose is often mixed with commercial fertilizers, not only to furnish 
rnaenesium but also to absorb moisture (or excess acid from superphosphat:: 
and otherwise to condition the fertilizer to prevent lurnping and produce 
a free-flowing, easily usable material. 


A typical analysis of fertilizer-grade caustic-calcined magnesite is 
MgO 52.6, S105 9.0, Feo0s 0.8, mays 142,-Ca0- 3.2; and leriition Icss 2.9 
ercent, 


8 


specially prepared caustic-calcined eeu is used to clarify ana 
adsorb impurities from petroleum lubricants, dry-cleaning solvents, and 
other nonaqueous and unreactive fluids. The magnesia is precipitated 
from magnesium-~bearing brines either as MgCQg or 8 (Oo and calcined 
at a dull red heat from 325° to 480°C.). The resulting siatevial is agi- 
tated. with the oil, and then the oil is filtered off, leaving many of the dis- 
‘coloring impurities and much of the carbonacecus matter adsorbed on the 
maegnesia. 


Caustic-calcined magnesia has been considered as an agent for 
recovering sulfur dioxide from flue gases for subsequent use In the manu- 
facture of sulfuric acid. The reactions would be MgO + S05 —> Mest; 

MgSOg + heat ——» Mg0+ S09. 18/ 


Other uses of caustic-calcined magnesia are in the manufacture of 
4 kd s 1 ° 93 en 

Epsom salt, basic magnesium carbonate (‘‘technical carbonate’) for ther- 
mal insulation, and glass and in the removal of silica from boiler water. 


17/ Fellom, Roy, Jr., Magnesium: Light Metal Age,’ vol. 1, No.1, Mey 
, 1948, pp. 9, 16. 
-18/ Chemical and ietallurgical Engineering, vol. 49, No. 3, March 1 O42, 
Dv iol. 
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The prices of megncsia products, with the exception of California dead- 
burned grain, have remained relatively constant since 1936, as may be seen 
from table 1. It will be ncted that the price of refractory magnesic increases 
rapidly as the purity of the product improves. This is largely because of the 
difficulty in sintering the purer grades of magnesia; and exceedingly hich 
témperatures are required to preduce artificial periclase, especially from 
precipitated marnesie. 


TABLE 1. - Trade-journal quotations of domestic mearnesi2a 
| products per short ton, 1936-43 


Dead-burned grain magnesite: 
IW SSTING LOM: destidenvessovanevete : Dade 
COMIOUNI Ns wenskawceeactnnesaeares bao 

Artificial periclase: | 
94-percent TrAMS.cscccccsccece 
JO=PELrCONt CYACS a isciecans sieve 

Caustic-calcined mrgenesite: 

95-percent grade, white..... 


1043 , 
aug = 


“MUS SDIDE TOM ctwntcosisWenavseees. | oe ceOC Doe tap eecCu, | emeou 
Cel MOM Diss senaweasdeweusewass 20.00 60 400 40.50 40.90 


| 
7 
Dead-burned grain magnesite: | 
| 


Artificial periclase: 
G4-percent Cradeecesceeseseees' | 65.00 
9G-percent Srade..cceceeccvocce 00:00 

Csustic-celcined magnesite: 
ve -percent grade, white..... 


35.00 


40.00 

: 3/00 

V/ Engineering and Mining Journal (Metal and Mineral Markets) 
quotations, f.o.b. shipping points in Washington or Californic. 
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MAGNESIA SALES, BY SOURCES, IN 1942 
TABLE 2. - Me | 


in 1942, by kinds and sources 


(Quantities and values reported epply to finished products, not raw materials) 


| from brucite, dolo- | From well brines, 
| From Rpeneste ‘mite, and sea- -water dry-lake brines, 
Finished pr oducts 7 ae Se gh ol tai OPS 2 and raw sea water 
“Peher’ Ab | Short - | 
oi _{tons Gteiidies: 7 tons Value tons alue 
Caustic-calcined..| 19,551 | $798,019 1). ee (1) 
REESCULY cisesssons 189, 218 | 4,397,766 _:(1).. q i} i 
SGA sacioceess 39 | 5,195; 3 bali. g TERETE $457,434 


/ Included in ‘‘Total,’’ 


2/ Includes caustic-calcined and ddivontsen maonesta ‘and magnesia from 
precipitated car bonate. ne. <0 Tern 


3/ Includes caustic-calcined and'refractory.magnesia ‘and magnesia from pre- | 
Cipitated carbonate and rom magnesium hydroxide. 
SALIENT STATISTICS OF THE. MAGNESIA INDUSTRY 


TABLE 8. - Salient statistien of the marnesia industr 


2 in the United States, 1933-42 
| Caustic-calcined magnesia 
, Wear | Isola by producers nports. 


Value: 


| $148, p50 1,850... | $33,081 
! 120,525 Ks 36,031 

|, 1705388 }---, | 86,076 

| 2Lk 440: ++: .. 49,674 

| 311,326 | - 62,420 

| 298498 : 39 551 
310,402-4...2,218 51,884 

512,607 | Ge eT Ot S6t 


11,052,077 |. 3/ 527 3/ 11.538 
1,540,573 (4/) x (4/) 


See footnotes on following page. 
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TABLE 3. - Salient statistics of the magnesia industry 


in the United States, 1933-42 - Cont’d. 


Dead-burned magnesia 


Year | 2/Sold by producers | Imports for consumption 
Short tons | Value Short tons alue 

1933 | 46,919 | $880,7401 23.509 | $341,780 
1934 41.953 | 772,238] 22,921 368,014 
1935 72,438 | 1,361,949} 24,674 ; 429,830 
1936 89.979 | 1,713,527| 42,608 662,567 
1937 83,204 | 1,598,336] 56,021 795,047 
1938 38,738 730,978] 24,990 371,669 
1985 | .86,077 | 1,699,729 . 44,420.1 800,884 
1940 68 | 30,951 551,536 
1941 : 3/36,574 | 3/802,844 
1942 | 273,661 | 7,823,963) (4/) (4/) 


1/ 1933-41: Includes caustic-calcined magnesite and 
Ccaustic-caicined magnesia from sea-water bitterns; 
1942: Includes caustic-calcined magnesite and caustic- 
calcined magnesia from sea-water bitterns, well 
brines, and raw sea water. 

2/ 1933-40: Includes dead-burned magnesite and refractory 
magnesia from sea-water bitterns; 1941: Includes dead- 
burned magnesite and refractory magnesia from brucite, 
dolomite, and sea-water bitterns; 1942: Includes dead- 
burned magnesite and refractory magnesia from brucite, 
dolomite, sea-water bitterns, well brines, and raw sea 
water, 

3/ Figures cover January to September, inclusive. 

4/ Figures not available for publication. 
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e and brucite 


Feossitle tuvers of crude marnesi 


Basic Refractories, Inc., 845 Hanna Bidg., Cleveland 15, Ohio. 

Meramec Minerals, Inc., 723 Hanna Bldg., Cleveland 15, Chio. 

Northwest Magnesite Co., 18CO Farmers Bank Bldg., Pittsburgh a2, Pa. 

Fermanente Metals Corporation, Fermanente, Calif. 

Westvaco Chlorine Froducts Corporation, 405 Lexington Ave., New Yors 
Dae Vers 


Fossicle buyers of dea 


d-burned magnesia 


Following is an incomplete list of firms operating basic onen-heartn 
steel furnaces that use dead-ourned magnesia. Not all of the branch plants 
of the larger firms are listed, and many firms that cperate only a few 
hearths are not listed at all. so 


Tennessee Coal, Iron & Railroad Co., Birminctham, Ala. (Heartis at Fair 
field, Ala.) 

Columbia Steel Co., San Francisco, Calif. (Hearths at Fittsourg, Calif.) 

Kaiser Co., Inc., Fontana, Calif. | | | 

Colorado Fuel & Iron Corporation, Fueblo, Colo. : 

Republic Steel Corporation, Cleveland, Ohio. (Iiearths at Chicago, I1l.; 
Cleveland, Ohic; Youngstown, Ohio; and Canton, Ohfo) 

Wisconsin Steel Co., South Chicago, Ill. | 

Granite City Steel Co., Granite City, Ill. 

Inland Steel Co., Indiana Harbor, Ind. | 

American Rolling Mill Co., Middleton, Ohio. (Hearths at Ashland, Ky., and 
ls Louis, iLO.) : 

Andrews Steel Co., Newoort, Ky. 

Bethlehem Steel Co., Bethlehem, Fa. (Hearths at Sparrows Pcint, nid.; 
Lackawanna, N. Y.; Bethlehem, Fa.; Johnstown, Pa.; Steelton, Pa.; ana 
Seattle, Vash.) : 

Wheeling Steel Gorvoration, Wheeling, W.Va. (Hearths at Cteubenvilie, Chis, 
and Portsmouth, Ohio.) | 

National Tube Corroration, Pittsburgh, Pa. (Hearths at Lorain, Ohio.) | 

Youngstown Sheet & Tube Co., Youngstown, Ohic. (Hearths at Campbeli, Chic. 

Allegheny Ludium Steel Co., Pittsburch, Fa. (Hearths at Brackenridge, Pa.) 

Carnegie-Illinois Steel Corncration, Fittsburgh, Fa. (Hearths at Clairton, 
Fa.; Munhall, Fa.; Braddock, Fa.; and Duquesne, Fa.)- 

Jones & Laughlin Steel Corpcration, Fittsburgh, Pa. es 

Lusens Steel Co., Coatesville, Ta. 

Alan Wocd Steel Co., Conshohocken, Fa. (Hearths at Ivy Rock, Fa.) 

Pittsburgh Steel Co., Fittsburgh, Fa. (Hearths at Monessen, Fa.) 

National Steel Co., Pittsburgh, Pa. (Hearths at Weirton, W. Va.) 
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The icllowine producers of basic refractories are aiso rossible 
purchasers cf ceacd-burned magnesia: 


Fasic Refractories, Inc, 645 Hanna Bldg., Cleveland 15, Chio. 
General Refractories Co., 1600 Real ange Lrust Blde., Fhiladelphia ‘/ 


, Fa. 


Earolison-Walker Refractories Co., 1800 Farmers Bank Bldg., Pittsburgh, Pa. 


Hie jedaVino and-Co., 10c6' Walnut Sta. & inti Pa. 


Fossible buyers of caustic-calcined magnesia 


American Enka Corporation, Enka, N.C. 

Armour Fertilizer Works, 816 Walton Bldg., Atlanta, Ga. 

Asbestolith Miig. Corporation, 2o7 ent St., Brooklyn, Na Le 
Consolidated Tile & Deck Coverings, 101 Fark Ave., New York 17, N. Y. 
Dow Cnhenical Co., hidland, Wich. 

Electro-Metallurgical Co., 30 E, 42d St., New York 17, N.Y. 

cenerar Plectric Coy, tiiver Rodd. scehnenectady. Ne Y. 

Goodyear Tire & Rubber Co., 1144 E. Market St., Akron 15, Ohio. 

Hill Brothers: Caucemical Cor, ZL) Bay Sta, OS Ae eles 22, Calif. 
Lasting Froducts Co., 20a 8. Franklintown Road, Paltimore, Md. 

ine Mathieson. Alkali Works, 17¢.,-1 Os. BCX 583, Lake Charles, ia 
National Tile & Marble Corporation, 029 W. 4cth St., New York, N. Y. 
North American Raycn Corporation, P.O. Box odl1, Elizabethton, Tenn. 
Norton Co., 1 New Bond St., Worce ster Oo; 1488s, 

Chas. Pfizer & COs, lngiern 4 Bartiett St., Brooklyn 6, N. Y. 

Fs Ke ochundler @ ‘Co... InCi,-004: Railread Gt. Jollet, lil. 

Pe ee DeCnUNG ler cs CO., Imes, 45-15 Verncn Bivd. one Island City, Nw Y: 


Westvaco Chlorine Froducts Ccrocration, 405 Lexington Ave., New York, N 
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